system has proved particularly amenable for the testing of such models (reviewed by Juanes 1992). Predatory decapods often consume relatively large quantities of molluscs, allowing rapid collection of data. Molluscs also occur in discrete sizes, so that differences in prey types can be easily quantified. Finally, the costs involved in consumption (such as search times, shell breakage and prey consumption) can be easily measured as the time needed to find, crush and consume the molluscan prey, or as the energy spent in these activities.
Early studies of prey-size selection in decapod crustaceans feeding on molluscs seemed to indicate that predators select those prey sizes which maximize their net rate of energy intake ( In a review of 41 studies examining crab and lobster predation on gastropods and bivalves, Juanes (1992) found that most predators preferred small-sized molluscs when offered a range of sizes of hard-shelled prey. The sizes selected were generally smaller than the predicted optimum, based on rates of energy intake. Juanes (1992) concluded that decapod crustacean predators preying on hard-shelled molluscs might be constrained from maximizing net energy intake rates because of the probability of incurring claw damage as the shell strength of prey increases. The present study focuses on the flexibility of preysize selection by a crustacean predator, particularly Eggleston 1990). Adult blue crabs feeding on a range of sizes of hard clams preferentially consumed those smaller than 2-5 cm in length, although they were able to consume larger clams (Arnold 1984; Peterson 1990 ). The present study tested: (i) whether hunger level modified size selectivity of blue crabs feeding on juvenile hard clams; (ii) whether crabs changed their patterns of preference for different sizes of prey following conditioning on different combinations of prey.
Methods

EFFECT OF HUNGER LEVEL ON PREY-SIZE
SELECTIVITY
In order to test whether blue crabs feeding on hard clams conform to the general pattern of preference for smaller size classes observed for many other predatory crustaceans (Juanes 1992 ), regardless of their hunger level, a size choice experiment was performed with crabs that had not been fed for either 1 day (nonstarved treatment) or 3 days (starved treatment) prior to the beginning of the experiment. Adult male blue crabs (carapace width ranging from 124 to 158 mm) were captured with commercial crab pots near Beaufort, North Carolina, USA, and held in the laboratory for 1 week prior to the experiment, during which time they were fed with pieces of fish. Experiments were performed within four indoor flow-through wooden tanks (surface area 0.550 m2) containing approximately 5 cm of fine sand and 20 cm of filtered sea water. Flow rate through the tanks was approximately 2-5 1 min-'. Each tank was divided by diagonal ply-64 Flexible prey-size selectivity of blue crabs wood partitions into four compartments. Crabs were held separately in each compartment.
Each crab was offered 30 clams ranging from 1-5 to 3-0 cm in length. Size structure of prey groups was standardized by dividing such size range into three size classes: 1.5-2.0 cm, 2-1-2-5 cm, and 2-6-3-0 cm length. Equal numbers (10) of clams belonging to the three size classes were offered to the crabs. Clams were buried below the sediment surface, so that they were completely covered. Crabs were introduced in the tanks and allowed to feed for 24 h. The experiment was checked every 3 h, and the clams that had been eaten were replaced in order to keep clam density and size-frequency distribution constant. Due to the nonindependence of the different treatments (i.e. prey types) in multiple-choice feeding preference experiments, it is incorrect to use ANOVA for the analysis of results of this experiment (Hay, Renaud & Fenical 1988; Peterson & Renaud 1989) . Roa (1992) recently pointed out that the use of multivariate analysis techniques can obviate the problem of non-independence of treatments, and suggested using the Hotelling's T2-test for the analysis of feeding-preference experiments with more than two food categories involved. Differences in prey-size selectivity of crabs of the two different hunger levels were tested with a two-sample Hotelling's T2-test performed on the total number of clams of each size class consumed by each crab.
EFFECT OF PREVIOUS EXPERIENCE (LEARNING) ON PREY-SIZE SELECTIVITY
Conditioning trial
In order to determine whether experience plays a role in prey-size selectivity of blue crabs, adult blue crabs were preconditioned by exposing them to four combinations of clams of different quality (Fig. 1) . Male blue crabs (carapace width ranging from 113 to 144 mm) were held in the aquaria previously described and similarly treated until the experiment was started. 
Test trial
In order to test the null hypothesis of a lack of an effect of experience ( 
Results
EFFECT OF HUNGER LEVEL ON PREY-SIZE
SELECTIVITY
There was no overall significant effect of hunger level on size selectivity by crabs (T2 = 5-027, F32 = 2-869, P = 0-081). The low P-value, however, suggests that a possible effect of hunger level on size selectivity cannot be ruled out, and might have not been detected due to insufficient power of the test. Inspection of the data suggests that the less hungry crabs might have been more selective than the hungrier ones. The number of clams consumed in each size class by crabs starved for 1 day averaged, in fact, 65-1%, 27-9% and 7-0% of the total number consumed, for the small, medium and large clams, respectively. By contrast, for crabs starved for 3 days, 50-0%, 34-7% and 15-3% of the clams consumed were small, medium and large, Hughes (1989) proposed the hypothesis that tropical crabs might exhibit a greater capability to assess the vulnerability of molluscan prey than temperate crabs because of the longer co-evolution with their prey. As an alternative hypothesis, it is suggested here that tropical predatory crabs might exhibit higher cognitive abilities because they are exposed to a greater diversity of potential prey compared to what is found at higher latitudes. Higher cognitive abilities might be expected in consumers which encounter and handle a wider variety of prey types (Dukas & Real 1993 (Vermeij 1976 (Vermeij , 1978 (Vermeij , 1987 . The relative ease with which crabs crush shells of their molluscan prey seems to play a most important role in shaping interactions within this predator-prey system on both ecological and evolutionary scales.
Crabs Alternatively, the effect of conditioning on size selectivity during the test trial might be explained by the development of a search image in the crabs that consumed greater proportions of large clams during conditioning. The development of search images, traditionally attributed to vertebrates, has also been shown for invertebrates (Gould 1985) . Under this scenario, crabs that recognize large clams as the preferred prey might concentrate on searching for large clams in successive feeding bouts. The foraging technique of blue crabs feeding on infaunal clams (i.e. probing the sediments with their walking legs until contact with a clam), however, does not seem to support this hypothesis. From the observations conducted in the last experiment reported here (see 'Mechanism of prey selection') and from casual observations of foraging crabs, crabs seemed to dig out and attempt to crush any clam encountered.
As a third hypothesis, the mechanism of selection might be that of adjusting giving-up times depending on prey quality. Crabs may detect different prey types with similar frequencies, but subsequently persist in attempting to crush prey recognized as the preferred ones, while having shorter giving-up times when handling less preferred prey. Direct measurements of handling times, search rates, and sequences of encounter with prey and of acceptance and rejection of prey encountered, are needed in order to discriminate among these alternative mechanisms.
In conclusion, this work indicates that the pattern of preference for small-sized molluscs widely observed among predatory crustaceans (Juanes 1992) does not result from a fixed decision rule by which prey are ranked based on their relative sizes (Stephens & Krebs 1986 ), but rather that crabs might learn through experience with different prey sizes and possibly species to recognize preferred prey. Furthermore, preference rankings seemed to be established based on relative strength of shells rather than on profitability ratios. 
Perceptual
